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“INEVITABLE” DIBARYONS”

T. Goldman

Th~or-ctlcal Division, Los illrzmos ,Vational Labondoy, Los Alamos, IVhf 8754,5

Introduction

There exist many models of QCD: the MIT hagl and related variants such as the cloudy
bag,2 string and flux tube models,3 non-relativistic quark cluster models with harmonic oscil-
lator potentials,4 and relativistic potential models such as the Los Alamos hfodel Potcntiillfi

(1.AMP), These models exist and proliferate because of the great difficulty of actually car-
rying out calculations in QC;D, as Prof. ‘t Hooft discussed in his talk this morning.

The models differ greatly in technical detaiis, but have three major features in rollllnol]:

They implement color confinement, and so quark localization t-mergics arc an ilnlmrt;lll[

component of spectral predictions.

They include spin dependence through the color magnetic spin-spin (Cfil SS) intcractio[l

(current-current in relativistic versions),

Parameters are fixed I)y fitting to the nucleon and delta, or more generally to oct(’~.
and decuplct states.

Despite these c(]llllllollalitit’s, tlw prcdlctiolls of these models also (Iiffm widely ill S[)(’Ulrill

d(!tails: for higher rrsollfir]crs, for !]ybricl (qllark-glllun) states, and in particllliw. (or t.11(~

H-particlr of .Iafle. ‘; ‘l-his last ranges in prc(l;ctiom fronl (Imply I>ound hclow Ail Ihrmllul(l;

to so far abov(’ as to hc unidcntifial)ic duc to a large width,

A point m)t ohm mnphasized is that all predictm-i dibaryon spectra include :1!]iltt rilt.li~i’
cffcctivr intrracticm from the cfrrct O( quark dclocalization, Even ill clustm Ilm(h’ls, wlwr~’
dclocalizatioll is ovmt]y rxcludml, a slnall allmunt i~ introciurcd preform hy I>auli (illltiS~lll-

lnrtriz~tif)ll) dTrrts. l)rl~calixiit.iol] rdll[x~s tllr qtlark mmrgics and colltril)lltrs to I)illflillg ~11

the state,

IIowwwr. tlw wi(lrst varialiou ill dr{md.sariw’s f’rolu tlw ( ~MSS, III fi d, sillw it hIIIIlS t IJ
(q)pos(’ (Ill,wk (l(~lo(’:lliz,~t,ioll”I)y illt ro(lll(’il)g II(IWr(’l)lllsiv(’ irltf~i-ilct ions ((or [~~i~l])l)lt~. II(*I,IVIIIJII

color-(; pairs of qllarks), nmst, [Iilmyoll l)rmlirti(ms ilr(~highly s[”[lsitiv(’ to t,lw ( ~hlSS, \\:ll;lt.

I WHllt txl (iiSCllW+ ]If’11’ ilN’ il f(!W Illilt illT j@ SOIISitiV(’, i111(1, in(hwl, W.1(’t’[”I11(’( ‘kl SS illltl

qllark (1(’lt)(’illiZaliI)l) ii(”t ill wncvrt to (’llllilll(-(’I)in(]ing.

‘1’IIcw(wk rclmrtwl Ilvr(’ l]il~ INVII (Iol]r ill (Lollal){)r:lt.ioli”with (;. J, St.q)lwns(ni, Jr,, K. I;,
Srhl)liflt, Ii. fililll,lllilll, illltl I“illl \Villl~,

“I)romvilml :lt 1111~‘ISWIIIIII Ijllrtq)v:tll \Y,mkslll)l)

(; IsV”, I)l)llrlllill, I:rnllcrl (’ )Ili)l,rr R l’,!, 1!1!)()),



LLATH and CMSS

In what foiiows we restrict ourselves to six-quark, orbitally non-excited states. By the

“Iow=t lying asymp~otic two hadron” (LLATH) state of a given channel we will rncan the

lowest lying t~o baryon state, in a relative s-wave, having the given channel quantum num-

bers. The sum of the masses of the two baryons in the LLATII state then repr~cnts the
threshold for fall- apart ‘Ldccay” in the channel in question. A six-quark configuration ly-

ing below this threshold is necessarily resonant since it can be connected to a lower l~ing

t~o-baryon state (by definition of the threshold, in a relative d- or higher wave) only ly tllr

action of some operator with non-trivial spin and orbital transformation properties. \lorc-
over, sine’;, as we see from the haclron spectrum, quark tensor forces are quite weali~, SUCII

states will have small tensor decay wiclthsg to any such lower lying two-haryon states ant!,

in consequence, by very inelastic with respect such channels,

The color-spin structure of the hypcrfine interaction is

(1)

The structure of ( I ) is such as to favor color-spin symmetric pairs and hence, if w(! r(~stric[

,drselves to totally symmetric spatial configurations, lower flavor symmetries, The mini-

mum value of the (’xpcctation of ( 1), as is well known, occurs in the 11 chanm’l’;, In till’
non-relativistic limit, the spatial (!epcndencc is a dt+ta- function in the diffrrrilcc of (Iliiirk
coodinatcs. R,elativistically. the drectiv~ range is short.

].c1 us now examirw the cxpcctatiorr of ( 1) in the spatially symnmtric and LI.:Y1’1[ WII-

figurations for the channels we arc considering. Thvsc values arc given in ‘1’AIc 1, wlwrc <>

rcprments the cxptwtaticm vallw of ( I ) and is to IN multi pliml by the corrmpm][lillg sl)atiill

{!xp~tation in Ol]tailling tllr total l]~pf~rfilli’ rncrgy.

‘1’ahlc I: (.’\l SS coclliciwlts vs. channel

I J 1,[,ATII < >,,Y.,,,,, <> I,I,AYSH llifh!r:mn~
() I 51X 2 -12 I ,1



One immediately sees that, for all channels but the last four cases, the hyperfine expecta-
tion is far more repulsive in the symmetric configuration than in the corresponding LL:ITI1
channel.

Furthermore, because of the short effective range of the CMSS interaction, the dclocal-
ization of the quarks in the 6-quark configuration reduces the ChVW spatial matrix clement
there, diluting its strength. This makes it clear that the IJp = 03+ and S = –3(J = 2)

stat= actually experience an effective hyperfine attraction relative to the relevanl two hadron
thresholds. Since the dilution factor typically lies between 1 and 2, it is also clear that thmc

are the only channels for which this is the case. (For the H, the net CMSS effect can still be

repulsive accounting for some of the wide variation it its predicted mass. ) ~otc, moreover,

that ~ model incorporating a hyperfirw interaction with the one gluon exchange color S]Jill

structure ( 1) and a delocalization mechanism in its dynamics, must necessarily prmlucc ;~
dibaryon resonance in these channels. For the effect of a dilution factor of 2, see Tahic 2.

Table 2: Effect of a factor 2 dilution (reduction of spacisl matrix element) on

I J LI.ATII difference net effect

03 AA [M(4)- 12]<>3 -6<>,

+ 2 y~- [-3(*)-0] <>3 -1.5<>3

1
T 1 l\ z [-7(*)+ 12] <>3 +8.5 <>3

00 A ,4 [-18(*)+ 12] c>3 +6 <=3

CMSS contrit)utions

<>3 rcprmcnts thr slmtiid matrix clm-rwnt iri an isolated 3-quark st.at.r.

Cnlculntions nnd Results

The I,AMPs is a mrxlcl wllictl rupl~’.;cllts .Ilc confining struct’lrc of ltlf’ (~(11) Vil(.1111111

together with the effect of aflditiol]i~l (llli~rks aml/or antiquarks in a hadron, by il Iimwr!y

rising one-body Loreiltz-scalar collliuil]~ potcr~tiai. !$inglc quark wavc[unct. iom art” ol)ti~i[](’(1

by solving the I)irac equation for this p~jtrntird, The underlying picture is Img-like, i~ut with ii

gradual restoration of tlw full lloll-l)i~rt,llrl]ativr vacuum surrounding LIIZ*h,idroll il] (IIKISI i[~ll

over the region in which tlm qllark (Irnsity Imxmms small. Since the strllctllrf’ 0[ Q( :])
is bclicvcd to bc sllrli tlli~t glll(]llic roll figurations rharactcriring the pllYSi(.ill ra(’lillti] il~i~

supprmuwd in tlw prpsrllrr of {Illark (lt~llsity, this rnrann that, for dibaryonq, ill] i~l)l]rt)l)riilt(’

(mean fieltl) pOt(’llt,iilI (“illl IW ~)lltilillf”(l I)Y tr~l[lf.ati(Jn of th~ pot~ntials t’rolll tilt’ iil[li~itlll;ll

baryon wells.

In thp Nix (]liitrk s(x’t~m,i[’ ralll(’r Illall iL1.t(’lll]lt to Wlvo for tl]f? grolill(l Htiltt’ of 1.1)(’I 1’1111.

rated pOtOl]tiill, W[’ rflll)l[)y I II(I [tdlowillg sillglr-hmly triiil wavdll[l(’tiolls

41,,(,11) = [tjI(,r - ~,) + ~d)(~ -. .r, )]//V(f) (?)

:)



where xi is the center of the it~ potential well, .Y(c) is a normalization factor, u’ is the 1.!1/2

wavefunction in the single baryon well and, for z = 1,2, j = 2, 1. Although wc restrict

ourselves, here, to the case c = 1, such trial functions are, in general, a practical nccessit)’.

since the repulsive character of the color hyperfine interaction tends, in most channels, to

produce localized quark structure, the wave[unctions of which may be rcprescntecl only by a
superposition of many single-particle levels of the truncated, two-centered potential. Notr,

however, that because c = 1, these states are not in any sense “nuclear,” i.e. composed of
baryons. They represent a distinctly new structure of hadror:ic matter.

The results of our calculations are shown in Table 3, where d is the separation hctwccn
the centers of the potentials for the individual baryons for which the minimum of the total

energy (single body plus CIMSS) occurs. For the smaller values of d, our ansatzc may WCIIbe
called into question, as the quark density in the interbaryon region cm become rather Iargc,

This suggests the potential should be further suppressed, but that should in turn add to

the overall energy of the system, since “perturbative QCD vacuum” is being restored. This

raises questions about overestimating the binding energies. Nonetheless. the charactmistic

“peanut” or “football” shapes in these body fixccl frames (the individual baryon rms sizes
are zO.8 fm) seem likely to survive more detailed analysis.

‘rablc 3: IJinding Energies and Size Scales

LLATII ‘—
State 13inding Energy ( MeV) (threshold ) d ( fill)

I)eltaron (J = 3)= -350 AA 1,4
Omegon (S = - 3, J = 2)t 290+ 10 Nfl 0.7 to 0.8
Omcgon (S = -’ J, J=l)t 190+30 A? 0.7 to 0.8

1{(s = -’2, J = o]t 21 O*1IO AA 0.5

■ Scc Ref. 10. t See first paper in Rcfm 5.

In Table 4, we prescnl the results of dcltarontt calculations in other models of t-onfimvmwt,

Obviously dmiatioll from sphcricity rnllancrs binding, ,~s for the dcutmm itself, In view of
the concordance of tlwse rmults, wc fiud it highly plausible that the d“ occurs w“ry CIWWto

Table 4: llcltamn in Othm Modidn nf Cm)fiwmcnt

Model IIill(linl( l’;nrr~v (MUV) (: OIIIIIIWILS
MIT lmgl 115 rcstrictud to sphwical slalc

(.’loll(ly l)ag~ X5 rmtrictod to sphorir:d StiLt(l

?lon-rvlativistir qlliirk mIA14 2!)(I mm-sphwiral 1)111 m) qu;krk dw
localization, (wnhr of lllilSS

motion rwnowd—

—.
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NNrr tilr~hold. The LA\lP would even have it slightly below. In either event, the width

is likely to be small — to ,YNrr because of the small phase space and to NNT because

a quark spin flip is still required. If:c have made several estimates of the deltaron width,
including off-shell A-decays; these all turn out to be less than a few 10’s of MeV.

Conclusions

I have had neither time nor space to fully discuss appropriate caveats regarding the

particular calculations. We take the excellent results for the LAMP applied to “[He(see second
paper of Ref. 5) zs some support for our calculations. Furthermore, both the universal nature

of the deltaron prediction and our understanding of the reason for this (from the clarity and

flexibility afforded in the LANIP calculation) give us confidence that the state exists, It and
the J = 2 C)rrlegon should be obervable, The latter has a long enough (predicted) Iifctinw to

appear in hyperon beams. While not easy to see in the NN 3D3 wave due to the smallnms
of quark tensor forces, the deltaron should be observable in processes slldi as J4 + Td-.
ed + ef# or e’tir and pd + pd= or Nd-r.

1 thank Pierre Guichon for several stimulating discussions, the or,~anizers of this meeting
for their invitatio,~ and support, and France for being here.
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